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The “marcha” is a comfortable equestrian four-beat gait characterized as a submaximal
exercise. Four healthy Mangalarga Marchador horses of 6–7 years of age were assessed
under ﬁeld conditions covering distances of 12.7, 19.3, and 38.8 km. Blood samples were
collected before, during, and at the end of the exercise, as well as after 4 hours of rest, to
measure the hematological, biochemical, and enzymatic biomarkers’ variations. The
following measurements were recorded: red blood cells (RBCs); hematocrit (HT); hemo-
globin (HB); red cell dispersion width (RDW); white blood cells (WBCs); absolute lym-
phocytes count (LYM); relative lymphocytes count (LYMr); total plasmatic protein (PPT);
creatine kinase (CK); uric acid (UA); dehydrogenase lactic (LDH); and aspartate amino-
transferase (AST). Signiﬁcant alterations related to the different distances covered were
observed for lymphocytes (LYM and LYMr), which were lower (P < .05) when horses were
exercised for 38.8 km. The physical exercise caused signiﬁcant alterations (P < .05) in all
biomarkers investigated, except for AST. During the four-beat gait challenges, the RBCs, HT,
HB, RDW, WBCs, and PPT rose and remained high after the 4-hour rest. At the same time,
the UA, LDH, and CK were greater during the exercise but returned to basal values after the
4-hour rest. The four-beat gait challenges promoted signiﬁcant variations on the hema-
tological and biochemical markers in Mangalarga Marchador horses, as well as a decrease
in the horses’ lymphocyte number after 38.8 km of exercise.
 2015 Elsevier Inc. All rights reserved.1. Introduction
The comfortable lateral and diagonal gait, with mo-
ments of triple support, is known in Brazil as “marcha” and
is present in important horse breeds of this country [1]. The
marcha activity is characterized as an equestrianFilho, Departamento
nambuco, Rua Dom
Recife, Pernambuco,
o Filho).
. All rights reserved.submaximal exercise [2,3]. Several studies have demon-
strated that this particular exercise can alter biomarkers
and physiological parameters in horses [1–4].
It is widely accepted that moderate physical activity
promotes good health in both humans and animals. On the
other hand, severe exercise can result in health problems
such as immune suppression, for example the study by
Folson et al [5]. Previous research studying the effects of
physical exercise on homocysteinemia in horses, as well as
the effects of the nonprotein amino acid on lymphocyte
proliferation [6], concluded that physical exercise reduces
immune responses and causes an imbalance in redox
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the degranulation of neutrophils and, consequently, an
increase in the plasma concentration of enzymes with pro-
oxidative and proinﬂammatory properties related to
muscle damage [7].
Exercise tests represent a tool to assess physical condi-
tion of horses through the analysis of the physiological
changes which occur in response to the exercise performed
[8,9]. Depending on its intensity and duration, the exercise
has effects on physiological parameters [10], and even
different types of gaits performed by the same breed can
affect the animal’s physiological responses to exercise in a
different manner [1].
Currently, there is a lack of information related to
physiological responses of horses to the four-beat gait
challenge in different workloads. Therefore, the aim of the
present study was to measure variations in hematological,
biochemical, and enzymatic biomarkers of physical exer-
cise among horses in response to four-beat gait challenges
covering three different distances.
2. Materials and Methods
2.1. Animals
Four healthy Mangalarga Marchador gelding horses,
with ages from 6 to 7 years, under the same management
routine, were used in the present study. The animals were
fed Pennisetum purpureum grass (approximately 15 kg/d),
and a pelleted concentrated diet (approximately 5.0 kg/d;
digestible energy, 2.8 Mcal; crude protein, 12%; ethereal
extract, 2.5%). The pellets provided 60% of the energy re-
quirements for horses performing exercises of low and
medium intensity [11]. All procedures used in the present
study were approved by the Institutional Animal Care and
Use Committee of the Universidade Federal Rural de Per-
nambuco under protocol number 026/2013.2.2. Exercise Tests
The exercise was performed under ﬁeld conditions, in a
typical dirt farm road (ﬂat unpaved road), with horses
exercising at a four-beat (marcha) gait during more than
90% of the test, with a small period of walking pace at the
beginning and/or the end of the test. The tests took place in
the morning, between 7 AM and 10 AM, with the horses
covering three different distances: 12.7, 19.3, and 38.8 km.
The horses performed at all distance tests, with 3 days of
rest between each test. The physical activity ceased for
1 hour at the midpoint of each distance, and water was
provided to all horses during this interval. In addition, to
determine both the velocity and the distance covered
accurately, “Global Positioning System” monitored the
horses.2.3. Region and Weather Conditions
The four-beat gait tests were performed at the North-
eastern of Brazil (latitude:7.9742 south; longitude:
34.9976 west; 109 m above sea level), and all testsoccurred under temperatures ranging from 28C to 32C,
and humidity between 60% and 80%, during the summer.
2.4. Blood Sampling
Blood samples were collected from the jugular vein, and
the material was placed into two tubes, one without anti-
coagulant and the other containing heparin. Samples were
collected at four different time points: at rest, with horses
fasted in the stalls (phase 1); at the middle of the exercise
length (phase 2); at the end of the exercise (phase 3),
and after a 4-hour rest (more than 4 hours of recoveryd
phase 4).
Red blood cells (RBCs), hematocrit (HT), hemoglobin
(HB), red cell dispersion width (RDW), white blood cells
(WBCs), total count of lymphocytes (LYM), and percentage
of lymphocytes (LYM%) were assessed using an automatic
cellular counter (Model pocH-100iv; Sysmex Corp). Tubes
with heparin were centrifuged (3,000 rpm, 5 minutes) for
plasma collection. The total plasmatic protein (TPP) was
analyzed using manual refractometry. The tubes without
anticoagulant were centrifuged (3,000 rpm, 5 minutes) for
serum collection, frozen at 20C, and then analyzed using
semiautomatic equipment (Doles D 250, DOLES) to deter-
mine the concentrations of creatine kinase (CK), uric acid
(UA), dehydrogenase lactic (LDH), and aspartate amino-
transferase (AST).
2.5. Statistical Model and Analyses
All results were analyzed by two-way analysis of vari-
ance (ANOVA), with one factor being the distance covered
and the other factor being the phase of exercise. Tukey test
was performed for means’ comparison with the SigmaStat
Software 3.0. When signiﬁcant statistical differences
among treatments were not observed, the one-way ANOVA
was performed. Results are expressed as means  last
square of standard error and were considered signiﬁcant at
P < .05.
3. Results
The horses performed at an average speed of 11.4 km/hr
(approximately 3.2 m/s) during the three different distance
tests. At this speed, four-beat gaited horses perform the
typical marcha gait [1]. During the experiment, no injuries
or diseases were observed in the horses studied.
Table 1 displays the mean values observed in the pre-
sent study for lymphocytes during the different exercise
phases, the different distances, and the interactions among
phases and distances. Table 2 presents the mean values
observed for the hematological and serum biomarkers
during the different phases of the exercise tests.
Lymphocyte (LYM and LYM%) was the only marker that
changed (P < .05) as a result of the different distances
performed by the horses in the present study. The exercise
phases promoted signiﬁcant variations (P < .05) in all bio-
markers measured, with the exception of AST.
White blood cells rose during the exercise (phases 2
and 3), but the observed increase was not signiﬁcant
(P > .05). At phase 4 (4 hours of recovery phase 4 h
Table 1
Results of two-way analysis of variance for hematological biomarkers in four-beat gaited horses before, during, and after a “marcha” challenge.
Biomarkers Exercise Phase Statistical Analysis, P
Phase 1 Phase 2 Phase 3 Phase 4 Distance Phase Interaction
LYM, 103/mm3
Distance 12.7 km 3.95  0.17 5.49  0.17 5.08  0.17 3.84  0.17
Distance 19.3 km 3.86  0.17 6.41  0.17 4.44  0.21 4.16  0.21
Distance 38.8 km 3.52  0.17 4.54  0.17 3.83  0.17 3.64  0.17 <.05 <.05 <.05
Mean/phase 3.77  0.1c 5.48  0.1a 4.45  0.1b 3.88  0.1c <.05
LYMr, %
Distance 12.7 km 47.12  2.01 50.15  2.01 50.37  2.01 35.00  2.01
Distance 19.3 km 45.15  2.01 52.27  2.01 35.18  2.47 35.55  2.47
Distance 38.8 km 43.42  2.01 42.82  2.01 33.27  2.01 29.12  2.01 <.05 <.05 <.05
Mean/phase 45.23  1.2a 48.42  1.2a 39.61  1.3b 33.22  1.3c <.05
Different superscript letters at the same line represent P < .05 using Tukey test.
Abbreviations: LYM, lymphocytes absolute value; LYMr, relative lymphocyte value.
Phase 1: fasting sample; phase 2: midride; phase 3: end of ride; phase 4: 4 hours of recovery.
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ercise.), the values for WBC were signiﬁcantly greater
compared with values observed in phase 1 (P < .05).
Signiﬁcant variations linked to the different distances
covered were observed for both LYM and LYM% (P < .05).
Lymphocyte total count and LYM% were lower (P < .05)
when horses covered the longer distance (38.8 km). The
values of LYM rose during the ﬁrst part of the exercise test
(phase 2) and decreased at the end of exercise (phase 3),
reaching the values observed at phase 1 after the 4 hours
of recovery (P < .05). The LYM% was similar at phase 2
compared with phase 1, but decreased signiﬁcantly at
phase 3 (after exercise), and kept decreasing after the 4
hours of recovery (P < .05). Signiﬁcant interactions (P <
.05) were observed between distance and phase of the
exercise tests for both LYM and LYM% (Table 1).
The mean values for RBC count were greater during the
exercise (phases 2 and 3) and remained elevated after the
4-hour recovery period. Similar patterns were detected for
red blood cell distribution width measured by standard
deviation, which was signiﬁcantly greater (P < .05) after
the exercise (phase 3) and remained elevated after 4 hours
of rest (phase 4) compared with phase 1. Both HB and HT
presented greater (P < .05) values at phases 2, 3, and 4
compared with phase 1.Table 2
Results of one-way analysis of variance for the blood and biochemistry biomarke
Biomarkers Exercise Phase
Phase 1 Phase 2
WBC, 103/mm3 8.36  1.68b 11.35  1.6
RBC, 103/mm6 7.78  0.12b 9.11  0.1
HB, g/dL 12.87  0.17b 15.12  0.1
HT, % 36.49  0.57b 43.29  0.5
RDW-SD, fL 37.30  0.07c 37.47  0.0
TPP, mg/dL 6.57  0.08b 6.95  0.0
UA, mg/dL 0.68  0.04b 0.99  0.0
CK, UI/L 231.4  22.9c 366.2  22
AST, UI/L 222.1  8.0 244.8  8.0
LDH, U/L 337.5  39b 519.12  39
Abbreviations: AST, aspartate aminotransferase; CK, creatine kinase; HB, hemo
RDW-SD, red blood cell distribution width measured by standard deviation; TPP
Phase 1: fasting sample; phase 2: midride; phase 3: end of ride; phase 4: more
Different superscript letters at the same line represent P < .05 using Tukey test.Total plasma protein, CK, and UA had signiﬁcant varia-
tions at the different phases of the exercise tests, as well as
for the interaction between phase and distance. Total
plasmatic protein (PPT) presented greater (P < .05) values
in phases 2, 3, and 4 compared with phase 1. The UA values
increased signiﬁcantly (P< .05) during the exercise (phases
2 and 3), compared with phase 1, and returned to physio-
logical levels observed in phase 1 after the 4 hours of re-
covery period (phase 4).
Creatine kinase presented a tendency (P ¼ .053) to be
greater when horses covered 38.8 km (514.7  92 U/L).
Mean values for CK were greater (P< .05) at phases 2 and 3,
but returned to physiological levels observed at phase 1
after the 4 hours of recovery. Dehydrogenase lactic
increased signiﬁcantly (P < .05) at phase 2, but the values
observed at phase 1 were similar to those observed at
phases 3 and 4.
4. Discussion
The horses performing in the present study were exer-
cised at a natural four-beat gait called marcha (3.2 m/s) [1].
At the speed of 3.2 m/s, gaited horses are known to perform
a typical aerobic exercise, with their heartbeats remaining
under approximately 150 bpm during the marchars in four-beat gaited horses before, during, and after a marcha challenge.
Phase 3 Phase 4
8ab 14.24  1.68ab 14.77  1.68a
2a 9.15  0.12a 8.94  0.12a
7a 15.38  0.17a 14.95  0.17a
7a 44.20  0.57a 42.69  0.57a
7bc 37.80  0.07a 37.68  0.07ab
8a 7.13  0.08a 7.00  0.08a
4a 1.13  0.04a 0.79  0.04b
.9a 323  22.9ab 273  22.9bc
241.0  8.0 227.9  8.0
a 435.57  39ab 382.81  39ab
globin; HT, hematocrit; LDH, dehydrogenase lactic; RBC, red blood cells;
, total plasma protein; UA, uric acid; WBC, white blood cells.
than 4 hours of recovery.
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biochemical biomarkers [1,13]. Little information is avail-
able about possible alterations in RBCs and WBCs of horses
occurring in response to this kind of exercise. Nevertheless,
the present study reported variations observed in these
biomarkers as a response to the four-beat gait challenge
performed by the animals.
In the present study, the number of leukocytes
increased, but not signiﬁcantly, in response to the exercise
(phases 2 and 3), and was even more elevated at phase 4
compared with values measured at phase 1 (pre-exercise).
Studying endurance horses, Snow et al [14] showed that
total WBC count increased during the ride, started to
decrease after the end of the exercise, and were still greater
than the pre-ride levels after a 48-hour rest. In the present
study, a period of 4 hours of rest after the exercise was too
short to observe theWBCs return to the physiological levels
observed at phase 1 pre-exercise. Studies taken place in
Brazil with show jumping horses observed a signiﬁcant
increase in WBC count after the exercise, with WBC values
returning to physiological levels pre-exercise after a period
of 6 hours of rest [15].
White blood cells increase is inﬂuenced by an exercise-
induced cortisol [14,16] and catecholamines [17] increase.
At the same time, it has been already demonstrated that the
marcha gait can elevate the cortisol concentration of
MangalargaMarchador horses [4], and it is well known that
cortisol concentrations can increase in relation to exercise
duration [18]. However, the distances covered in the pre-
sent study did not inﬂuence signiﬁcantly the WBC count.
The changes in LYM and LYM% at the different exercise
phases may be because of variations in neutrophil–lym-
phocytes correlations already described in the literature
[16]; however, neutrophils could not be measured in the
present study because of an equipment limitation because
the automatic cellular counter used was not capable to
recognize such speciﬁc cells. In a study performed with
show jumping horses, neither exercise nor a 6 hours of rest
after the exercise promoted variations at lymphocyte
values (LYM and LYM%), whereas a 12-hour rest after show
jumping exercise did promote a decrease in neutrophils
and an increase in lymphocytes [19].
The values for lymphocytes (LYM and LYM%) were lower
when horses performed the 38.8-km four-beat gait exer-
cise, in comparisonwith the other two distances covered in
this study. Similarly, endurance horses presented a slight
decrease in lymphocytes number during the ride [14]. The
reduction in the number of lymphocytes after the exercise
is characteristic of physical stress in equines [19]. In
humans, it was observed that repeated strenuous exercise
can suppress immune function, [20] and based on anec-
dotal information, the general feeling has been that severe
exertion places athletes at risk of upper respiratory tract
infection [21,22]. In a study with horses, it was demon-
strated that exercise did suppress the immune response of
the animals to the inﬂuenza virus [5], and the same authors
believed that it could be associated with an increased
susceptibility to disease.
Despite several studies showing the relation among
exercise, immune response, and disease, such link is not
completely understood because of the lack of informationon the complete and full network involving neuroendo-
crine hormones and cytokines [23]. Therefore, it is not
possible to correlate ﬁndings observed in the present study
with susceptibility to any disease.
It is already known that exercise alters hematological
biomarkers [10,13,19]. This fact is described as a result of an
exercise-dependent splenic contraction, which increases
circulating cells [10,16]. In the present study, RBCs, HT, and
HB increased during exercise and did not recover physio-
logical pre-exercise levels after 4 hours of rest, similarly to
the ﬁndings of Zobba et al [24], who studied polo horses
from rest to 30 minutes after exercise. The values observed
for hematological biomarkers in the present study were
within the reference interval described elsewhere [16]. Red
cell distribution width is a measurement of RBC distribu-
tion, generated by a hematological automated machine
[25]. In the present study, it behaved similarly to the RBC,
increasing as a result of exercise and remaining elevated
after 4 hours of rest. Changes in RDW could be related to
the release of RBCs by the spleen contraction when the
animals performed physical activities [16].
The TPP mean values were not signiﬁcantly different
among the distances covered. It increased during physical
activity and remained elevated even after the rest with the
horses having access to water and food. The literature has
already stablished that PPT is not inﬂuenced by meals [26].
A slight increase in this marker may be caused by a
reduction in plasmatic volume and not by real dehydration,
which can be caused by sweating [24]. Therefore, hemo-
concentration can be explained by intercompartmental
ﬂuid shifts rather than by a real ﬂuid loss [27]. Similar
behavior for values of TPP was reported in two previous
studies conducted in the same geographic region as this
study. The ﬁrst one tested Mangalarga Marchador in a
marcha simulation test [1] and the second one during a
standardized ﬁeld gaited test [13]. A study with horses
(mainly Arabian or part-Arabian), covering longer distances
in Western Australia [28], showed PPT signiﬁcantly greater
after approximately 90 km, and such increase (8.3 
0.2 mg/dL) was numerically greater than the results in the
present study (values of no more than 7.13  0.08 mg/dL).
Plasma UA has been considered a nonenzymatic anti-
oxidant defense against oxidation during exercise [29–31].
In previous studies, an increase in the level of UA was
observed after physical activity [30,32]. A similar increase
was detected in the present study, which could be related
to the protective effect of UA against oxidative stress caused
by exercise [31].
The four-beat gait challenge performed at different
distances did not promote a signiﬁcant change on CK, AST,
and LDH. Creatine kinase presented a tendency (P¼ .053) to
be greater in horses exercised at a distance of 38.8 km. The
values for plasma CK observed after exercise depend on
duration and type of exercise [33]. Compared with a 90-km
endurance ride cited in the literature (CK 660 147.53 UI/L;
AST, 455  88 UI/L; LDH, 679  163 UI/L) [34], the results
observed in this study for muscular enzymes at the end of
the exercise (phase 3) were numerically lower (CK, 323 
22.9 UI/L; AST, 2418 UI/L; LDH, 435.6 39 UI/L). Creatine
kinase, AST, and LDH are routinely measured to assess
muscular function [35]. According to the results observed
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the muscular system of the horses was preserved.
5. Conclusions
The four-beat gait challenge caused signiﬁcant changes
on hematological and biochemical markers of Mangalarga
Marchador horses as a response to exercise, and the longer
distance challenge, with horses exercised for 38.8 km, pro-
moted a decrease in lymphocytes number of the animals.Acknowledgments
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